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CO z . Electrons released in the reaction flow through an 
external circuit to the cathode, creating a DC electric 
current . 

Generally, the solid oxide fuel cell is operated at a 
5 high temperature in the range from 800° C to 1000° C. The 

solid oxide fuel cell utilizes the high temperature waste 
heat for internal reforming to produce the fuel gas, and 
generates electricity by spinning a gas turbine. The solid 
oxide fuel cell is attractive as it has the highest 

10 efficiency in generating electricity in comparison with 

other types of fuel cells, and receiving growing attention 
for potential use in vehicles in addition to the 
applications in combination with the gas turbine. 

Stabilized zironia has a low ion conductivity. 

15 Therefore, the electrolyte membrane formed of stabilized 

zirconia needs to be thin so that oxygen ions move through 
the electrolyte membrane smoothly for improving the power 
generation performance. However, the electrolyte membrane 
of the stabilized zirconia can not be very thin for 

20 maintaining the sufficient mechanical strength. Therefore, 

it is difficult to produce a large electricity using the 
membrane of stabilized zirconia in the solid oxide fuel 
cell . 

In an attempt to address the problem, Japanese Laid- 
25 Open Patent Publication No. 6-310164 (prior art 1) discloses 

a solid oxide fuel cell system. In the solid oxide fuel 
cell system, a plurality of unit cells each having a small 
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surface area are provided on each of metallic separators, 
and a fuel gas supply hole and an oxygen-containing gas 
supply hole are formed centrally in each of the unit cells . 
The prior art 1 is directed to provide a fuel cell system 
5 having an improved reliability in which the total surface 

area of the cells on the separator is large, and the 
substrate is crack-free. 

In the prior art 1, the cells are interposed between 
the thin separators, and the separators and the cells are 

10 stacked alternately to form a fuel cell stack- Therefore, 

the rigidity of the separators is low. Since a substantial 
space corresponding to the thickness of the cells is formed 
between outer circumferential regions of the separators, the 
outer circumferential regions of the separators may be 

15 deformed, and thus, gas leakage may occur. Therefore, the 

desired power generation performance may not be maintained. 

Further, Japanese Laid-Open Patent Publication No. 4- 
26068 (prior art 2) discloses another type of fuel cell 
system. As shown in FIG. 17, in the fuel cell system, a 

20 unit cell 1 is interposed between a pair of separators 2. 

Each of the separators 2 includes a pair of metallic thin 
plates 3, 4. The plates 3, 4 are joined together with a 
marginal plate 5 interposed between the plates 3, 4. The 
marginal plate 5 shields the outer circumferential area 

25 between the plates 3, 4. A gas channel 7 is formed in an 

inner area 6 between the plates 3, 4. The plate 4 has small 
through holes 8 for supplying a fuel gas to the anode or an 
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oxygen-containing gas to the cathode. 

In the fuel cell system, the small holes 8 are formed 
on the plate 4 of the separator 2. The plate 4 having a 
flat surface is in contact with the unit cell 1 without any 
5 space between the plate 4 and the unit cell 1. Therefore, 

the pressure between the separator 1 and the unit cell 1 is 
uniform. Namely, the pressure is uniformly applied to the 
entire surface of the unit cell 1. 

However, in the prior art 2, a gap 9 is formed between 

10 outer circumferential regions of the separators 2. 

Therefore, when the fuel cell stack is tightened by a bolt, 
for example, the pressure may not be uniformly applied to 
the entire surface of the separators 2. Thus, the fuel cell 
stack may be deformed undesirably. Consequently, the 

15 pressure is not applied to the entire surface of the unit 

cell 1. If the unit cell 1 is damaged, gas leakage may 
occur due to the sealing failure. 



SUMMARY OF THE INVENTION 
20 A main object of the present invention is to provide a 

fuel cell including a plurality of electrolyte electrode 
assemblies with a compact and simple structure, in which an 
oxygen- containing gas is reliably supplied to the fuel cell, 
and the pressure is uniformly applied to electrode surfaces. 
25 According to the present invention, each of separators 

for sandwiching electrolyte electrode assemblies includes a 
first plate and a second plate stacked together. 
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A fuel gas channel for supplying a fuel gas to anodes 
of the electrolyte electrode assemblies, and an oxygen- 
containing gas channel for supplying an oxygen-containing 
gas to cathodes of the electrolyte electrode assemblies are 
5 formed between the first and second plates. 

A first ridge is formed on the first plate, and a 
second ridge is formed on the second plate. The first ridge 
and the second ridge protrude away from each other to form 
the oxygen-containing gas channel between the first ridge 

10 and the second ridge. The first plate includes a first 

outer projection and a first inner projection on opposite 
sides of the first ridge. The second plate includes a 
second outer projection and a second inner projection on 
opposite sides of the second ridge. The first outer 

15 projection and the first inner projection protrude 

oppositely to the first ridge, and the second inner 
projection and the second outer projection protrude 
oppositely to the second ridge such that the first outer 
projection and the second outer projection are in contact 

20 with each other, and the first inner projection and the 

second inner projection are in contact with each other. 
The first outer projection and the second outer projection 
are in contact with each other, and the first inner 
projection and the second inner projection are in contact 

25 with each other around a space of the oxygen- containing gas 

channel. Therefore, the rigidity of the fuel cell around 
the space of the oxygen-containing gas channel is good. 
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When the separators are tightened in the stacking direction 
of the fuel cells, the pressure is uniformly applied to the 
surfaces of the electrodes, and the space of the oxygen - 
containing gas channel is not deformed. It is possible to 
supply the oxygen -containing gas to each of the electrolyte 
electrode assemblies uniformly, and achieve the desired 
power generation performance of the fuel cell. Further, the 
sealing characteristics between the first plate and the 
second plate are improved effectively. 

The first ridge is formed integrally with the first 
plate, and extends around a curved outer section of the 
first plate. The second ridge is formed integrally with the 
second plate, and extends around a curved outer section of 
the second plate. The first outer projection and the first 
inner projection are formed integrally with the first plate. 
The second outer projection and the second inner projection 
are formed integrally with the second plate. Thus, the 
rigidity of the first plate and the second plate is improved 
desirably, and the number of steps for forming the first 
plate and the second plate can be reduced. 

The first ridge formed on the first plate of one of the 
separators is in contact with the second ridge formed on the 
second plate of the other of the separators to form an 
exhaust gas channel having an end closed between the 
separators . 

The oxygen -containing gas channel and the exhaust gas 
channel are formed only by the first separator and the 



second separator. Thus, the production of the fuel cell is 
simply performed. Since dedicated pipes or the like are not 
needed for the oxygen-containing gas channel and the exhaust 
gas channel, the number of components of the fuel cell is 
5 small. Further, since a space is formed between the first 

ridge of the first separator and the second ridge of the 
second separator, the heights of the first ridge and the 
second ridge can be small. When the first plate and the 
second plate are formed under pressure, the amount of 
10 drawing for each of the first ridge, the second ridge, the 

first and second outer projections, and the first and second 
inner projections is small. Therefore, the first plate and 
the second plate can be formed with a high degree of 
accuracy . 

15 Further, a seal for sealing the oxygen- containing gas 

channel is formed between the first ridge formed on the 
first plate of one of the separators and the second ridge 
formed on the second plate of the other of the separators . 
Thus, the pressure is uniformly applied to the seal. With 

20 the simple structure, the sealing is performed reliably. 

The electrolyte electrode assemblies are arranged along 
at least one circle around a center of the separators . 
Therefore, the oxygen-containing gas is supplied to the each 
of the electrolyte electrode assemblies, and the power 

25 generation is performed uniformly, and the size of the fuel 

cell is effectively reduced. 

The above and other objects, features and advantages of 
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the present invention will become more apparent from the 
following description when taken in conjunction with the 
accompanying drawings in which preferred embodiments of the 
present invention are shown by way of illustrative example. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view schematically showing a 
fuel cell stack formed by stacking a plurality of fuel cells 
according to a first embodiment of the present invention; 
10 FIG. 2 is a cross sectional view showing a part of the 

fuel cell stack; 

FIG. 3 is a view schematically showing a gas turbine 
including the fuel cell stack; 

FIG. 4 is an exploded perspective view of the fuel 

15 cell; 

FIG. 5 is a perspective view showing a part of the fuel 
cell and operation of the fuel cell; 

FIG. 6 is a cross sectional view, with partial 
omissions, showing the fuel cell stack; 
20 FIG. 7 is an exploded perspective view showing a 

separator of the fuel cell; 

FIG. 8 is an enlarged perspective view showing a part 
of the fuel cell; 

FIG. 9 is a front view showing a plate of the 
25 separator; 

FIG. 10 is a front view showing the other plate of the 
separator; 
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FIG. 11 is a view showing operation of the fuel cell; 

FIG. 12 is an enlarged perspective view showing a part 
of the fuel cell in which positions of first and second 
outer projections and first and second inner projections are 
changed; 

FIG. 13 is a cross sectional view schematically showing 
a gas turbine including relatively small fuel cell stacks 
according to a second embodiment of the present invention; 

FIG. 14 is a front view showing the gas turbine; 

FIG. 15 is a cross sectional view schematically showing 
a gas turbine including relatively large fuel cell stacks 
according to a third embodiment of the present invention; 

FIG. 16 is a front view showing the gas turbine; 

and 

FIG. 17 is an exploded perspective view showing a 
conventional fuel cell (prior art 2). 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
FIG. 1 is a perspective view schematically showing a 
fuel cell stack 12 formed by stacking a plurality of fuel 
cells 10 according to a first embodiment of the present 
invention, and FIG. 2 is a cross sectional view showing a 
part of the fuel cell stack 12. 

The fuel cell 10 is a solid oxide fuel cell (SOFC) for 
stationary and mobile applications. For example, the fuel 
cell 10 is mounted on vehicles. In an example of the first 
embodiment shown in FIG. 3, the fuel cell stack 12 is used 
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Flanges 40a, 40b are provided outside the outermost fuel 
cells 10 at opposite ends in the stacking direction, 
respectively. The fuel cells 10 and the flanges 40a, 40b 
are tightened together by a plurality of (e.g., eight) 
5 tightening bolts 42. At the center of the fuel cell stack 

12, a circular fuel gas supply hole 44 is formed. The fuel 
gas supply hole 44 has a bottom at the flange 40a, and 
extends in the direction indicated by the arrow A (see FIG. 
2). 

10 A plurality of (e.g., four) discharge passages 46 are 

formed around the fuel gas supply hole 44. Each of the 
discharge passages 46 has a bottom at the flange 40b, and 
extend from the flange 40b in the direction indicated by the 
arrow A. The flanges 40a, 40b are insulated from end plates 

15 97a, 97b by insulator plates 98a f 98b interposed between the 

flanges 40a, 40b, and the end plates 97a, 97b, respectively. 
Output terminals 48a, 48b, extend from the end plates 97a, 
97b, respectively. 

As shown in FIGS. 4 and 5, the fuel cell 10 includes 

20 electrolyte electrode assemblies 56. Each of the 

electrolyte electrode assemblies 56 includes a cathode 52, 
an anode 54, and an electrolyte (electrolyte plate) 50 
interposed between the cathode 52 and the anode 54. The 
electrolyte 50 is formed of an ion-conductive solid oxide 

25 such as stabilized zirconia. The electrolyte electrode 

assembly 56 has a relatively small circular disk shape. 

A plurality of (e.g., 16) the electrolyte electrode 



- 11 - 



assemblies 56 are interposed between a pair of separators 58 
to form the fuel cell 10. The electrolyte electrode 
assemblies 56 are arranged along an inner circle PI and an 
outer circle P2 which are concentric with the fuel gas 
supply hole 44 formed at the center of the separators 58. 
The inner circle PI passes through centers of eight inner 
electrolyte electrode assemblies 56, and the outer circle P2 
passes through centers of eight outer electrolyte electrode 
assemblies 56 (see FIG. 4). 

Each of the separators 58 includes a plurality of 
(e.g., two) plates 60, 62 which are stacked together. Each 
of the plates 60, 62 is formed of a stainless alloy, for 
example. Curved outer sections 60a, 62a are formed on the 
plates 60, 62, respectively (see FIGS. 7 and 8). 

As shown in FIGS. 6, 7, and 9, ribs 63a are provided 
around the center of the plate (first plate) 60 to form the 
fuel gas supply hole 44 and the four discharge passages 46. 
The plate 60 has four inner ridges 64a around the respective 
discharge passages 46. The inner ridges 64a protrude toward 
the plate (second plate) 62. The plate 60 has a protrusion 
65a around the fuel gas supply hole 44. The protrusion 65a 
protrudes away from the plate 62 in a direction opposite to 
the inner ridges 64a. 

An outer ridge 66a is formed radially outwardly around 
the fuel gas supply hole 44 on the plate 60. A fuel gas 
channel 67 is formed inside the inner ridges 64a and the 
outer ridge 66a. The fuel gas channel 67 is connected to 
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the fuel gas supply hole 44 through the fuel gas 
distribution passages 67a. Each of the fuel gas 
distribution passages 67a extends between the discharge 
passages along a surface of the separator 58, in a direction 
5 indicated by an arrow B, i.e., perpendicularly to the 

stacking direction for connecting the fuel gas supply hole 
44 and the fuel gas supply channel 67. 

The outer ridge 66a includes a plurality of first walls 
68a and second walls 70a each extending radially outwardly 

10 by a predetermined distance. The first walls 68a and the 

second walls 70a are formed alternately. As shown in FIG. 
9, each of the first walls 68a extends to an inner circle PI 
which is a virtual line passing through centers of eight 
inner electrolyte electrode assemblies 56. Each of the 

15 second walls 70a extends to an outer circle P2 which is a 

virtual line passing through centers of eight outer 
electrolyte electrode assemblies 56. The eight inner 
electrolyte electrode assemblies 56 are arranged along the 
inner circle PI, and the eight outer electrolyte electrode 

20 assemblies 56 are arranged along the outer circle P2. 

At each end portion of the first walls 68a and at each 
end portion of the second walls 70a, three oxygen- containing 
gas inlets 78 are formed. The oxygen -containing gas inlets 
78 are formed to pass through the plate 60. The plate 60 

25 has first bosses 80 protruding toward, and contact the 

electrolyte electrode assemblies 56 arranged along the inner 
circle PI and the outer circle P2. 



- 13 - 



As shown in FIGS. 6, 8, and 9, a first curved 
circumferential ridge (first ridge) 83a is formed on the 
plate 60 along the curved outer section 60a. The first 
circumferential ridge 83a has the shape identical to the 
curved outer section 60a, and protrudes away from the plate 
62. Outer projections (first outer projections) 85a and 
inner projections (first inner projections) 87a are provided 
at predetermined intervals on opposite sides of the first 
circumferential ridge 83a to face each other. 

As shown in FIGS. 6, 7, and 10, ribs 63b facing the 
ribs 63a are provided around the center of the plate 62. 
The plate 62 has four inner ridges 64b protruding toward the 
plate 60, and a protrusion 65b protruding away form the 
plate 60. When the plates 60, 62 are connected together, a 
space extending through the protrusions 65a, 65b protruding 
away from each other form the fuel gas supply hole 44. 

An outer ridge 66b protruding toward the outer ridge 
66a of the plate 60 is formed on the plate 62. The inner 
ridges 64a contact the inner ridges 64b, and the outer ridge 
66a contact the outer ridge 66b to form the fuel gas channel 
67 between the plate 60 and the plate 62. The fuel gajs 
channel 67 is connected to the fuel gas supply hole 44 
through fuel gas distribution passages 67a. The outer ridge 
66b includes a plurality of first walls 68b and second walls 
70b each extending radially outwardly by a predetermined 
distance. The first walls 68b and the second walls 70b are 
formed alternately. 
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Further, the plate 62 has second bosses 86 protruding 
toward, and contact the electrolyte electrode assemblies 56 
arranged along the inner circle PI and the outer circle P2 . 
The second bosses 86 have small dimensions (height and 
diameter) in comparison with the first bosses 80. Fuel gas 
inlets 88 are formed to pass through the plate 62. The fuel 
gas inlets 88 are connected to the fuel gas channel 67. 

Protrusions 81 for positioning the eight electrolyte 
electrode assemblies 56 along the inner circle PI and the 
eight electrolyte electrode assemblies 56 along the outer 
circle P2 are provided on the plate 62. At least three 
protrusions 81 are formed for each of the electrolyte 
electrode assemblies 56. In the first embodiment, three 
protrusions 81 are formed for positioning one electrolyte 
electrode assembly 56, for example. When the electrolyte 
electrode assembly 56 is positioned inside the protrusions 
81, there is some clearance between the protrusions 81 and 
the electrolyte electrode assembly 56. The height of the 
protrusions 81 is greater than the height of the second 
bosses 86 (see FIG. 6). 

As shown in FIGS. 6, 8, and 10, a second 
circumf erential ridge (second ridge) 83b is formed on the 
plate 62 along the curved outer section 62a. The second 
circumferential ridge 83b has the shape identical to the 
curved outer section 62a, and protrudes away from the plate 
60. Outer projections (second outer projections) 85b and 
inner projections (second inner projections) 87b are 
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provided at predetermined intervals on opposite sides of the 
second circumferential ridge 83b to face each other. 

The fuel gas channel 67 is surrounded by the inner 
ridges 64a, 64b , and the outer ridges 66a, 66b between the 
plate 60 and the plate 62. An oxygen -containing gas channel 
82 is formed outside the outer ridges 66a, 66b between the 
plate 60 and the plate 62 (see FIG. 11). The oxygen- 
containing gas channel 82 is connected to the oxygen- 
containing gas inlets 78 formed on the plate 60. 

As shown in FIG. 6, the separator 58 has an insulator 
seal 90 for sealing the fuel gas supply hole 44. The 
insulator seal 90 is formed by placing a ceramics plate, or 
thermal spraying ceramics to the protrusion 65a of the plate 
60 or the projection 65b of the plate 62. The first 
circumferential ridge 83a of the plate 60 and the second 
circumferential ridge 83b of the plate 62 protrude away from 
each other, and forms an space between the first 
circumferential ridge 83a and the second circumferential 
ridge 83b as a part of the oxygen -containing gas channel 82. 
An insulator seal 92 formed of ceramics or the like is 
provided on the first circumferential ridge 83a or the 
second circumferential ridge 83b by sandwiching the 
insulator seal 92 between the first circumferential ridge 
83a and the second circumferential ridge 83b or by thermal 
spraying . 

As shown in FIGS . 5 and 6 , the electrolyte electrode 
assemblies 56 are interposed between the plate 60 of one 
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separator 58 and the plate 62 of the other separator 58, 
Specifically, the plate 60 and the plate 62 outside the 
electrolyte electrode assemblies 56 has the first bosses 80 
and the second bosses 86 protruding toward the electrolyte 
5 electrode assemblies 56 for sandwiching the electrolyte 

electrode assemblies 56. 

As shown in FIG. 11, a fuel gas flow passage 94 
connected to the fuel gas channel 67 through the fuel gas 
inlets 88 is formed between the electrolyte electrode 

10 assemblies 56 and the plate 62 of the separator 58. 

Further, an oxygen- containing gas flow passage 96 connected 
to the oxygen -containing gas channel 82 through the oxygen - 
containing gas inlets 78 is formed between the electrolyte 
electrode assemblies 56 and the plate 60 of the other 

15 separator 58 on the opposite side. The size of the opening 

of the fuel gas flow passage 94 depends on the height of the 
second bosses 86. The size of the opening of the oxygen- 
containing gas flow passage 96 depends on the height of the 
first bosses 80. The flow rate of the fuel gas is smaller 

20 than the flow rate of the oxygen -containing gas. Therefore, 

the dimensions of the second bosses 86 are smaller than the 
dimensions of the first bosses 80. 

As shown in FIG. 6, the fuel gas channel 67 is 
connected to the fuel gas supply hole 44 extending through 

25 the protrusions 65a, 65b of the separator 58. The oxygen- 

containing gas channel 82 and the fuel gas channel 6 7 are 
formed on the same area inside the separator 58. The 
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oxygen -containing gas channel 82 is open to the outside 
through the spacing between the first and second 
circumferential ridges 83a , 83b of the plates 60, 62 of the 
separator 58 . 

Each of the separators 58 stacked in the stacking 
direction has the first bosses 80 and the second bosses 86 
for sandwiching the electrolyte electrode assemblies 56. 
The first bosses 80 and the second bosses 86 function as 
current collectors. The outer ridge 66a of the plate 60 is 
in contact with the outer ridge 66b of the plate 62, and the 
inner ridges 64a of the plate 60 is in contact with the 
inner ridges 64b of the plate 62 for serially connecting the 
fuel cells 10 in the direction indicated by the arrow A. 

As shown in FIGS. 1 and 2, the fuel cells 10 are 
stacked in the direction indicated by the arrow A. End 
plates 97a, 97b are stacked on the outermost fuel cells 10 
at opposite ends. Insulator plates 98a, 98b are stacked on 
the outside of the end plates 97a, 97b, respectively, and 
flanges 40a, 40b are stacked on the outside of the insulator 
plates 98a, 98b, respectively. The flanges 40a, 40b have 
holes 100a, 100b at positions corresponding to the inward 
curves of the curved outer sections 60a, 62a of the plates 
60, 62. Tightening bolts 42 are inserted in the holes 100a, 
100b. Ends of the tightening bolts 42 are screwed into nuts 
104 for tightening the fuel cells 10 together with a 
suitable force. 

Next, operation of the fuel cell stack 12 will be 
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described below. 

In assembling the fuel cell 10, the plate 60 and the 
plate 62 are connected together to form the separator 58. 
Specifically, as shown in FIG. 6, the outer ridge 66a and 
the inner ridges 64a of the plate 60 are connected to the 
outer ridge 66b and the inner ridges 64b of the plate 62 by 
brazing, and the ring-shaped insulator seals 90 are provided 
on the plate 60 or the plate 62 around the fuel gas supply 
hole 44 by thermal spraying, for example. Further, the 
insulator seal 92 having curves is provided on the first 
circumferential edge 83a of the plate 60 or the second 
circumferential edge 83b of the plate 62 by thermal 
spraying, for example. 

The separator 58 thus formed has the fuel gas channel 
67 and the oxygen-containing gas channel 82 on the same area 
between the plate 60 and the plate 62. The fuel gas channel 
67 is connected to the fuel gas supply hole 44 through the 
fuel gas distribution passages 67a, and the oxygen- 
containing gas channel 82 between the curved outer section 
60a and the curved outer section 62a is open to the outside. 

Then, the electrolyte electrode assemblies 56 are 
interposed between a pair of separators 58. As shown in 
FIGS. 4 and 5, sixteen electrolyte electrode assemblies 56 
are interposed between the plate 60 of one separator 58 and 
the plate 62 of the other separator 58. Eight electrolyte 
electrode assemblies 56 are arranged along the inner circle 
PI, and eight electrolyte electrode assemblies 56 are 
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gas supplied to the fuel gas supply hole 44 flows in the 
stacking direction indicated by the arrow A, and is supplied 
to the fuel gas distribution passages 67a formed in each of 
the separators 58 of the fuel cells 10 (see FIG. 6). 

As shown in FIG. 5, the fuel gas flows through the fuel 
gas channel 67 along the first walls 68a, 68b and the second 
walls 70a, 70b of the outer ridges 66a, 66b. The fuel gas 
flows into the fuel gas flow passage 94 through the fuel gas 
inlets 88 formed at end portions of the first walls 68a, 68b 
and the second walls 70a, 70b, i.e., at positions 
corresponding to central regions of the anodes 54 of the 
electrolyte electrode assemblies 56. The fuel, gas supplied 
to the fuel gas flow passage 94 flows outwardly from the 
central regions of the anodes 54 (see FIG. 11). 

The oxygen -containing gas is supplied to each of the 
fuel cells 10 from the outside. The oxygen -containing gas 
is supplied to the oxygen -containing gas channel 82 formed 
in each of the separators 58, between the plate 60 and the 
plate 62. The oxygen-containing gas supplied to the oxygen- 
containing gas channel 82 flows into the oxygen-containing 
gas flow passage 96 from the oxygen-containing gas inlets 
78, and flows outwardly from central regions of the cathodes 
52 of the electrolyte electrode assemblies 56 (see FIGS. 5 
and 11) . 

Therefore, in each of the electrolyte electrode 
assemblies 56, the fuel gas is supplied to the central 
region of the anode 54, and flows outwardly from the central 



region of the anode 54. Similarly, the oxygen -containing 
gas is supplied to the central region of the cathode 52, and 
flows outwardly from the central region of the cathode 52. 
The oxygen -ion passes from the cathode 52 to the anode 54 
5 through the electrolyte 50 to generate electricity by 

electrochemical reactions . 

The electrolyte electrode assemblies 56 are sandwiched 
between the first bosses 80 and the second bosses 86. 
Therefore, the first bosses 80 and the second bosses 86 

10 function as current collectors. The fuel cells 10 are 

electrically connected in series in the stacking direction 
indicated by the arrow A. The electricity can be outputted 
from the output terminals 48a , 48b. Even if some of the 
electrolyte electrode assemblies 56 have power failures, the 

15 fuel cell stack 12 can be energized by the other electrolyte 

electrode assemblies 56. Therefore, the power generation 
can be performed reliably. 

After reaction of the fuel gas and the oxygen - 
containing gas, the exhaust gas moves outwardly from the 

20 central regions of the electrolyte electrode assemblies 56 

through the exhaust gas channel 106 between the separators 
58, and flows toward the center of the separators 58. The 
exhaust gas flows into the four discharge passages 46 formed 
near the center of separators 58 as an exhaust gas manifold, 

25 and is discharged from the discharge passages 46 to the 

outside . 

In the first embodiment, a plurality of (e.g., 16) 
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circular electrolyte electrode assemblies 56 having a 
relatively small diameter are provided between a pair of 
separators 58. Thus, the electrolyte electrode assemblies 
56 can be thin, and the resistance polarization is reduced. 
Further, temperature distribution is small, and damages due 
to heat stress are prevented. Therefore, the power 
generation performance of the fuel cells 10 is effectively 
improved . 

Further, the eight inner electrolyte electrode 
assemblies 56 are arranged along the inner circle PI, and 
the eight outer electrolyte electrode assemblies 56 are 
arranged along the outer circle P2. The inner circle PI and 
the outer circle P2 are concentric with the fuel gas supply 
hole 44 positioned at the center of the separators 58. The 
eight outer eight electrolyte electrode assemblies 56 are 
positioned out of radial alignment with the eight inner 
electrolyte electrode assemblies 56. Stated otherwise, the 
inner electrolyte electrode assemblies 56 and the outer 
electrolyte electrode assemblies 56 are arranged alternately 
along the inner circle PI and the outer circle P2, 
respectively . 

The electrolyte electrode assemblies 56 can be arranged 
between the separators 58 densely. Thus, the overall fuel 
cell 10 can be made compact, while maintaining the desired 
power generation performance. 

In the first embodiment, as shown in FIG. 6, the first 
circumferential ridge 83a is formed on the curved outer 
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section 60a of the plate 60 of the separator 58 , and the 
second circumferential ridge 83b is formed on the curved 
outer section 62a of the plate 62 of the separator 58. The 
first circumferential ridge 83a and the second 
circumferential ridge 83b protrude away from each other to 
form a space between the first circumferential ridge 83a and 
the second circumferential ridge 83b as the oxygen- 
containing gas channel 82. The plate 60 includes the outer 
projections 85a and the inner projections 87a on opposite 
sides of the first circumferential ridge 83a. The plate 62 
includes the outer projections 85b and the inner projections 
87b on opposite sides of the second circumferential ridge 
83b. 

The outer projections 85a and the outer projection 85b 
are in contact with each other, and the inner projections 
87a and the inner projections 87b are in contact with each 
other. Therefore, the rigidity of the first circumferential 
ridge 83a and the second circumferential ridge 83b is good. 

Thus, when the fuel cells 10 are stacked in the 
direction indicated by the arrow A, and the separators 58 
are tightened in the stacking direction of the fuel cells 10 
with the bolts 42 as shown in FIG. 1, the pressure is 
uniformly applied to the surfaces of the separators 58, and 
the shape of the space between the first circumferential 
ridge 83a and the second circumf erential ridge 83b is 
maintained. 

Since the space between the first circumferential ridge 
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83a and the second circumferential ridge 83b as a part of 
the oxygen -containing gas channel 82 is not deformed, it is 
possible to supply the oxygen -containing gas to each of the 
electrolyte electrode assemblies 56 uniformly, and achieve 
5 the desired power generation performance of the fuel cell 

10. Further, since the first circumferential ridge 83a and 
the second circumferential ridge 83b are not deformed, the 
sealing characteristics in the separator 58 are improved 
effectively. 

10 Since the first circumferential ridge 83a and the 

second circumferential ridge 83b are formed around the 
entire curved outer sections 60a, 62a, respectively. 
Therefore, the leakage of the oxygen -containing gas does not 
occur. The rigidity of the plates 60, 62 are improved 

15 effectively. Therefore, sealing characteristics of the 

plates 60, 62 are maintained reliably. 

The first circumferential ridge 83a formed on one 
separator 58 is in contact with the second circumferential 
ridge 83b formed on the adjacent separator 58 to form the 

20 exhaust gas channel 106 connected to the discharge passages 

46. The exhaust gas channel 106 has an end (outer 
circumf erential region) closed by first circumferential 
ridge 83a and the second circumferential ridge 83b. The 
oxygen -containing gas channel 82 and the exhaust gas channel 

25 106 are formed only by the plates 60, 62 of the separators 

58. Thus, the production of the fuel cell 10 is simply 
performed. Since dedicated pipes or the like are not needed 
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for the oxygen -containing gas channel 82 and the exhaust gas 
channel 106, the number of components of the fuel cell 10 is 
small, and the number of steps for forming the plates 60 , 62 
can be reduced. 

5 Further, since a space is formed between the first 

circumferential ridge 83a and the second circumferential 
ridge 83b, the heights of the first circumferential ridge 
83a and the second circumferential ridge 83b can be small. 
Stated otherwise, when the plates 60, 62 are formed under 

10 pressure, the amount of drawing for each of the first 

circumferential ridge 83a, the second circumferential ridge 
83b, the outer projections 85a, 85b, and the inner 
projections 87a, 87b is small. Therefore, the plates 60, 62 
can be formed with a high degree of accuracy. 

15 Since the outer projections 85a, 85b, and the inner 

projections 8 7a, 8 7b are connected by brazing for example, 
these components can be electrically connected to form an 
electrical circuit . 

In the first embodiment, the outer projections 85a, 

20 85b, and the inner projections 87a, 87b are arranged on 

opposite sides of the first and second circumferential 
ridges 83a, 83b to face each other, respectively. However, 
other arrangements of the outer projections 85a, 85b, and 
the inner projections 87a, 87b can be adopted. For example, 

25 in a fuel cell 10a shown in FIG. 12, the outer projections 

85a, 85b, and the inner projections 87a, 87b are arranged on 
opposite sides of the first and second circumferential 
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ridges 83a, 83b in a zigzag pattern. 

Next, the operation of the fuel cell stack 12 used in 
the gas turbine 14 shown in FIG. 3 will be described 
briefly. 

As shown in FIG. 3, in starting the operation of the 
gas turbine 14, the combustor 18 is energized to spin the 
turbine 24, and energize the compressor 26 and the power 
generator 28. The compressor 26 functions to guide the 
external air into the supply passage 34. The air is 
pressurized and heated to a predetermined temperature (e.g., 
200° C), and supplied to the second passage 36 of the heat 
exchanger 22. 

A hot exhaust gas as a mixed gas of the fuel gas and 
the oxygen- containing gas after reaction is supplied to the 
first passage 32 of the heat exchanger 22 for heating the 
air supplied to the second passage 36 of the heat exchanger 
22. The heated air flows through the hot air supply passage 
38, and supplied to the fuel cells 10 of the fuel cell stack 
12 from the outside. Thus, the power generation is 
performed by the fuel cells 10, and the exhaust gas 
generated by the reaction of the fuel gas and the oxygen- 
containing gas is discharged into the chamber 20 in the 
casing 16. 

At this time, the temperature of the exhaust gas 
discharged from the fuel cells (solid oxide fuel cells) 10 
is high, in the range of 800° C to 1000° C. The exhaust gas 
spins the turbine 24 for generating electricity by the power 
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generator 28. The exhaust air is supplied to the heat 
exchanger 22 for heating the external air. Therefore, it is 
not necessary to use the combustor 18 for spinning the 
turbine 24. 

The hot exhaust gas in the range of 800° C to 1000° C can 
be used for internally reforming a fuel supplied to the fuel 
cell stack 12. Therefore, various fuels such as natural 
gas, butane, and gasoline can be used for the internal 
reforming. 

FIG. 13 is a cross sectional view schematically showing 
a gas turbine 120 including relatively small fuel cell 
stacks 12a according to a second embodiment of the present 
invention, and FIG. 14 is a front view showing the gas 
turbine 120. The constituent elements that are identical to 
those of the gas turbine 14 according to the first 
embodiment are labeled with the same reference numeral, and 
description thereof is omitted. Similarly, in a third 
embodiment as described later, the constituent elements that 
are identical to those of the gas turbine 14 according to 
the first embodiment are labeled with the same reference 
numeral, and description thereof is omitted. 

In a casing 122 of the gas turbine 120, eight fuel cell 
stacks 12a are provided around a combustor 18 at intervals 
of 45° . Each of the fuel cell stacks 12a is covered by a 
cover 124, and a hot air supply passage 126 is formed inside 
the cover 124. 

As described above, in the casing 122 of the gas 
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turbine 120, eight fuel cell stacks 12a are provided around 
the combustor 18 at intervals of 45° . Thus, a large 
electromotive force is generated while the overall length of 
the gas turbine 120 is short* 
5 FIG. 15 is a cross sectional view schematically showing 

a gas turbine 130 including relatively large fuel cell 
stacks 12b according the third embodiment of the present 
invention, and FIG. 16 is a front view showing the gas 
turbine 130. 

10 In the gas turbine 130, four fuel cell stacks 12b are 

arranged along a first circle in the casing 132 at intervals 
of 90° and four fuel cell stacks 12b are arranged along a 
second circle in the casing 132 at intervals of 90° . The 
first circle is spaced from the second circle at a 

15 predetermined distance in an axial direction of the casing 

132 indicated by an arrow X. Orientation of the four fuel 
cell stacks 12b arranged along the first circle is shifted 
by 45° from the second fuel cell stacks 12b arranged along 
the second circle. Therefore, the fuel cell stacks 12b do 

20 not contact with each other. Each of the fuel cell stacks 

12b is covered by a cover 134, and a hot air supply passage 
136 is formed inside the cover 134. 

In the gas turbine 130, the four fuel cells stacks 12b 
are disposed at intervals of 90° along the first circle, and 

25 the additional four fuel cell stacks 12b are disposed at 

intervals of 90° along the second circle. The orientation 
of the fuel cell stacks 12b along the first circle is 
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shifted by 45° form the fuel cell stacks 12b arranged along 
the second circle. Thus, a large number of (eight) fuel 
cell stacks 12b having a relatively large size can be placed 
in the gas turbine 130 for improving the power generation 
5 efficiency. The outer circumferential dimension of the gas 

turbine 130 is not large, and the gas turbine 130 is 
compact . 

In the first through third embodiments, the fuel cell 
stacks 12, 12a, 12b are used in the gas turbines 14, 120, 

10 and 130. However, the fuel cell stacks 12, 12a, 12b can be 

used in other applications. For example, the fuel cell 
stacks 12, 12a, 12b can be mounted on vehicles. 

According to the fuel cell of the present invention, 
the first outer projection and the second outer projection 

15 are in contact with each other, and the first inner 

projection and the second inner projection are in contact 
with each other around an space of the oxygen-containing gas 
channel. Therefore, the rigidity of the fuel cell around 
the space of the oxygen -containing gas channel is good. 

20 When the separators are tightened in the stacking direction 

of the fuel cells, the pressure is uniformly applied to the 
surfaces of the electrodes, and the space of the oxygen- 
containing gas channel is not deformed. It is possible to 
supply the oxygen -containing gas to each of the electrolyte 

25 electrode assemblies uniformly, and achieve the desired 

power generation performance of the fuel cell. Further, the 
sealing characteristics between the first plate and the 
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second plate are improved effectively. 

While the invention has been particularly shown and 
described with reference to preferred embodiments, it will 
be understood that variations and modifications can be 
effected thereto by those skilled in the art without 
departing from the spirit and scope of the invention as 
defined by the appended claims. 
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